Introduction/Objective Splenic cysts are a rare clinical entity. In their origin, they may be parasitic or non-parasitic. They are classified as either primary (true) or secondary cysts (pseudocysts), depending on the presence or absence of an epithelial lining of the lumen. Methods Using a retrospective case study, we included 29 patients undergoing laparoscopic surgery due to splenic cysts. The patients were treated within the 2007-2017 period at the Clinic for Digestive Surgery, the Clinical Center of Serbia. We analyzed pre-operative, intra-operative and post-operative characteristics of laparoscopic technique in treating non-parasitic splenic cysts. Results The group of 29 patients treated with laparoscopic technique surgery due to the previously diagnosed splenic cyst, consisted of 12 (41.4%) men and 17 (58.6%) women. The average age of patients undergoing surgery was 38.86 ± 10.4 years (22-62). Based on the histopathological findings, there were eight epithelial cysts and 21 pseudocysts of the spleen. The maximal diameter of the splenic cyst, measured pre-operatively, was 10.09 ± 2.51 cm on average. The average operative time was 35 minutes, and the intra-operative bleeding amount was 11.48 ± 3.78 ml. None of the intra-operative complications, injury to the spleen or other organs of the abdomen, conversions to open surgery or reintervention were recorded. Conclusion Laparoscopic fenestration with excision of the part of the spleen cyst wall (marsupialization) represents an effective and definitive treatment for this disease. It is an alternative to splenectomy, along with other well-known benefits ensured by the spleen preservation. Low probability of occurrence of intra-operative and post-operative complications, as well as minimal trauma of tissue, results in a shorter postoperative stay, rapid recovery, and better quality of life.
INTRODUCTION
Splenic cysts are a rare disease. In their origin, they can be parasitic and non-parasitic. Echinococcal splenic cyst is the most common type of parasitic ones [1] . Depending on the presence of epithelium that covers the lumen of the cyst, cysts are divided into primary (true) and secondary (pseudocysts). The primary ones are epithelial (epidermoid, dermoid, mesothelial) or endothelial (hemangioma, lymphangioma) [2] . Primary cysts are most commonly found in children and younger persons, comprising about 25% of all non-parasitic cysts. In most cases, they are asymptomatic [3] . Secondary cysts are usually the result of trauma [1] . Common physical symptoms are pain or discomfort in the left upper abdominal quadrant, nausea and vomiting resulting from the compressive effect on the stomach. Larger sized splenic cysts can be presented as a palpable mass in the upper part of the abdomen [4] .
Various treatment options are used to treat splenic cysts. A conservative treatment, followed through regular diagnostic examinations (abdomen ultrasound, computerized tomography, magnetic resonance), is generally applied when the cyst is less than 5 cm in diameter and not a symptomatic one [5] . When the diameter of the cyst exceeds 5 cm or in case of any associated symptomatology, surgical treatment is required due to possible complications such as bleeding, cyst rupture and abscess formation [6] . Other treatment modalities include splenectomy, partial splenectomy, punctureaspiration-injection-reaspiration (PAIR) technique, partial excision, and marsupialization of the splenic cysts. Spleen preservation should be considered as the most important factor in selecting a surgical procedure [7] .
The benefit of the splenic preservation during surgery is in the fact that the splenectomized patients are at high risk of post-splenectomy sepsis. It can occur five years after the surgery, and in very rare cases a decade after the surgery. This indicates a long-term increased infection risk at splenectomized patients [8] .
The objectives of this study are the analysis of the pre-operative characteristics of the patients treated with laparoscopic surgery, as well as the intra-operative parameters, bleeding, and surgery duration. Post-operative parameters, the duration of post-operative hospital stay, the timing of drain removal, as well as the evaluation DOI: https://doi.org/10.2298/SARH181008029M of the effectiveness of laparoscopic treatment have also been within the scope of this analysis.
METHODS
Using a retrospective case study, we included 29 patients undergoing laparoscopic surgery due to splenic cysts. The patients were treated within the 2007-2017 period at the Clinic for Digestive Surgery of the Clinical Center of Serbia, Belgrade, in accord with standards of the institutional Committee on Ethics. As a part of the pre-operative investigation, the patients had undergone diagnostic imaging (ultrasound examination, computerized tomography or magnetic resonance imaging), which provided data regarding the size of the cyst. Serological analyses of parasitic diseases and tumor marker tests had been performed before surgery in the pre-operative assessment. Tumor markers Ca 19.9 and CEA had normal values in all the patients. The study excluded patients with proven parasitic splenic disorder, patients in whom, based on imaging findings (e.g. cystic change involves the splenic hilum, large cysts with minimal residual normal splenic tissue, etc.), decision to undergo total splenectomy had been made, as well as patients with contraindications for laparoscopic surgery due to comorbidity. Most of our patients were asymptomatic. A small group of patients had unspecific complaints in the form of dull pain in the upper abdomen or feeling of abdominal discomfort. We had no pregnant women in our study.
The parameters we monitored in this study were divided into the following three groups: 1. Pre-operative, including: sex, age, body mass index (BMI), size of splenic cysts; 2. Intra-operative, including the duration of the operation, intraoperative blood loss, intraoperative complications (conversions, instrumental injuries of the spleen and other organs) 3; Post-operative, including: the duration of postoperative stay, time of drain removal, post-operative complications, reintervention, histopathological findings based on which the cysts have been classified, as well as the average duration of postoperative monitoring of the treated patients.
In all the treated patients, laparoscopic fenestration and wall cyst excision was done along with the spleen preservation. Laparoscopic fenestration with excision of the cyst wall is performed under general endotracheal anesthesia. The patients were placed in the right lateral position, i.e. so-called hanging spleen technique position, due to its advantages, which so far have been proven on numerous occasions [9] . Cyst fenestration and the aspiration of its content is performed by laparoscopic harmonic scalpel (Ultracision®, Ethicon Inc., Somerville, NJ, USA) ( Figure  1 ). The cyst wall is excised to the maximum possible extent. A part of a large omentum is placed in the cyst cavity after rinsing, aspiration, and proven homeostasis. At the end of the surgery, the drain is placed in the left subphrenic space.
The Clavien-Dindo Scale was used to define the ranking of postoperative complications. The first postoperative examination took place three months after the operation and included an abdominal ultrasound. The second one, a year after, included CT scan. Every six months from then, patients were checked-up by abdominal ultrasound. Five years after the operation, an abdominal ultrasound examination was performed once a year.
RESULTS
The group of 29 patients treated with laparoscopic technique due to previously diagnosed splenic cyst consisted of 12 (41.4%) men and 17 (58.6%) women. The average age of patients was 38.86 ± 10.40 years (22-62) and the average weight expressed in BMI was 23.03 ± 2.65. The maximal diameter of the splenic cyst, measured pre-operatively, was 10.09 ± 2.51 cm on average (Table 1) .
Abdominal drain was removed on the first postoperative day, while the average postoperative stay was two days (1-3). The average operative time was 35 minutes and intraoperative bleeding volume was 11.48 ± 3.78 ml ( Table 2 ). Based on the histopathological findings, there were eight epithelial cysts and 21 pseudocysts of the spleen. Postoperative complications were classified based on the Dindo-Clavien Scale ( Table 3 ). None of intraoperative complications, injury to the spleen or other organs of the abdomen, conversions to open surgery or reintervention were recorded. The average period of postoperative followup was four years (1-10).
DISCUSSION
In 1985, Salky et al. [6] initially reported laparoscopic surgery as a treatment option for splenic cyst, with a good outcome and without recurrence of the disease after eight months. In their series of 32 cases, Robertson et al. [10] found that the recidivism rate after the laparoscopic operation was 22%, but a new surgical intervention was required in only 3% of the patients. In order to reduce the risk of recurrence of the disease, it is considered necessary to remove as much of the wall of the cyst as possible [2, 11, 12] .
The modalities of the surgical treatment of splenic cysts are different. They vary from the application of minimally invasive surgical procedures such as cyst fenestration, cyst marsupialization, PAIR, partial splenectomy, and total [7, 13, 14] . Some studies have proven that laparoscopic fenestration in the treatment of non-parasitic splenic cyst is an acceptable treatment method, with an acceptable rate of disease recurrence. The accent is on the need for resecting as much of the cyst wall as possible, in order to prevent recurrence [15, 16] . In our series, a laparoscopic fenestration including wall excision of a splenic cyst was performed in all patients. PAIR technique is applicable in non-parasitic splenic cysts, but carries a higher risk of recurrence, up to 29% in some series [17] . This technique is justified in patients with severe comorbidities and contraindications for operative treatment, as well as in patients who do not consent to surgical treatment. Laparoscopic partial splenectomy can be applied in the treatment of nonparasitic splenic cysts with a low expectancy of recurrence. This technique is limited by the size and position of the cyst in regard to the vascular elements [5] .
Spleen is an organ that has an important role in the human immune system. It also plays a significant role in filtering blood, removing old and dead erythrocytes and platelets. Considering all known modalities for treating non-parasitic splenic cysts, preservation of the spleen offers benefit, especially in the younger population [18] . The method of choice for the treatment of benign splenic disorders, particularly in case of simple cysts, is the laparoscopic cyst marsupialization. It can be safely performed provided that the surgeon and the surgical team have the necessary experience and skills in laparoscopy. The minimally inva-sive surgery enables rapid recovery, without complications usually associated with large laparotomy incisions [19] .
The spleen has an important role in clearing bacteria from the circulation. Asplenic individuals are at increased risk of postsplenectomy sepsis (PSS). This fulminant and rapidly fatal illness complicates bacteremic infections and can be seriously threatened in splenectomized patients. The incidence of this syndrome is the highest in children who undergo splenectomy in infancy [20] .
Davidson and Wall [21] reported that PSS carries a rather high mortality rate of 50-70%. The highest risk of PSS occurs during the first few years following splenectomy but has been documented as late as 40 years after splenectomy [8] . If surgical preservation of the spleen is not possible, it is recommended to perform pre-operative or post-operative vaccination of the patients within two weeks after splenectomy [9] .
The results of our study show that our patients did not have either intra-operative complications, or conversions, but only minimal intraoperative blood loss. In the results published by Cai et al. [16] , it is stated that the period of post-surgery hospital stay varied 24-48 hours. The average hospital stay in our series was 48 hours, but some patients were discharged after the first postoperative day.
Postoperative complications were ranked according to the Dindo-Clavien Scale. We had five patients who required additional therapy in the form of analgesics and antiemetics, and only three patients to whom we prescribed additional antibiotic therapy. We did not experience any other complications.
Cuervo and Buela [22] recommended reviewing computerized tomography once a year. Patients had been followed by periodic abdominal ultrasound and computerized tomography scan once a year. The average follow-up period in our study was four years. No case of the disease recurrence was recorded.
CONCLUSION
Laparoscopic fenestration with excision of the part of the spleen cyst wall (marsupialization) represents an effective and definitive treatment for this disease. It is an alternative to splenectomy, along with other well-known benefits ensured by the spleen preservation. The method implies a safe treatment with minimal bleeding. Low probability of occurrence of intra-operative and post-operative complications, as well as minimal trauma of tissue, results in a shorter post-operative stay, rapid recovery and better quality of life. 
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